molecular imaging signs supporting the diagnosis of Alzheimer's disease. However, more new clinical phenotypes have recently been identified as clinical variants of Alzheimer's disease, including patients with semantic variant of primary progressive aphasia [6] or with corticobasal syndrome [7] . Those new clinical variants add to the taxonomy of Alzheimer's disease, highlight a large variability among patients, and importantly pose major challenges for the diagnosis of early-onset Alzheimer variants [8] , emphasizing the importance of in vivo biomarkers for diagnosis. 
Neuroimaging of early-onset Alzheimer's disease
Over the last two decades, neuroimaging has been of capital importance to support underlying pathophysiological assumptions about the disease and has largely contributed to the evolution of diagnostic approaches. Three well-established neuroimaging markers are now included in the revised criteria for amnestic (typical) forms of Alzheimer's disease [5] : hippocampal atrophy assessed by MRI, temporoparietal hypometabolism shown by FDG-PET, and increased brain amyloid deposition using fibrillar amyloid PET. Importantly, access to imaging biomarkers greatly increases the probability of posing Alzheimer's disease diagnosis, even in preclinical/ predementia stages [5] .
A pressing challenge for neuroimaging is to decipher the complexity of Alzheimer's disease by identifying the neural networks involved with anatomical, functional, and clinical variants [9] . In typical Alzheimer's disease, the patterns of brain damage strongly map a resting state fMRI network called the default mode network, whose major nodes include the posterior cingulate cortex and precuneus, the medial prefrontal cortex, and the inferior parietal cortex. The default network is typically impaired in late-onset Alzheimer's disease patients. Conversely, in earlyonset patients, the loss of functional connectivity is greater in other networks than in the default network, e.g., the language network in logopenic language variants, and the higher visual network in visual variants [10] . These observations suggest that Alzheimer's disease pathology possibly originates in a common network, most likely the default mode network anatomically centred on the parietal lobes, and that clinical heterogeneity may reflect the different pathways of pathological propagation from the default mode network into distinct "off-target" functional networks [10, 11] .
Can molecular PET imaging help to evidence the phenotypic diversity of Alzheimer's disease and reveal if and how the regional distribution of the pathological β-amyloid and tau proteins explain the clinical expression of Alzheimer's disease? So far, amyloid PET studies of typical or atypical early-onset of Alzheimer's disease patients have shown diffuse cortical β-amyloid deposits, regardless of the clinical presentation, and have not demonstrated a correlation between the cognitive profile, metabolic changes, and the distribution of the pathological protein. Moreover, no distinct regional pattern between focal and diffuse Alzheimer's forms has been found with this family of radiotracers [12, 13] . In contrast, PET tracers targeting tau have demonstrated a close correlation between the distribution of tau deposits and the clinical phenotype. Furthermore, the cerebral distribution of pathological tau protein mirrors the metabolic patterns observed with fluorodeoxyglucose (FDG), the workhorse of PET imaging: hypometabolism is pathologically a close consequence of intracellular pathological tau deposits [13, 14] . In brief, while the distribution of β-amyloid is diffuse, the location and density of tau accumulation is regionally correlated with the cognitive symptoms, cerebral blood flow, atrophy, and metabolic changes in early-onset Alzheimer variants [13] .
Translation to the clinical practice
Another challenge for neuroimaging is to benefit routine clinical practice. To this end, the results of neuroimaging research must be translated from group studies to individual patients. In this issue of The European Journal of Nuclear Medicine and Molecular Imaging, Sala and coworkers [15] explore the patterns of brain hypometabolism using FDG-PET in early and atypical Alzheimer's disease patients, both at the group-and single-subject level. They show that each clinical phenotype is associated with group-specific brain regions and networks, namely in the occipital, left-side, or frontal brain regions. Moreover, they obtain a remarkably high consistency of the metabolic patterns with the clinical presentation at the singlesubject level and confirm that the parietal lobes are almost always damaged (in more than 90% of patients), irrespective of the clinical presentation [16] .
By transposing their results from groups to single subjects, Sala and collaborators [15] emphasize the power of PET imaging for clinical practice. They show that group-definedspecific patterns of brain hypometabolism are applicable to study individual Alzheimer's disease patients. Moreover, they evidence that metabolic patterns acquired at the prodromal stage can discriminate among Alzheimer's disease variants, as well as between typical Alzheimer disease and non-Alzheimer dementia conditions (i.e., Lewy body dementia and behavioural variant of frontotemporal dementia). These findings support FDG-PET as a relevant imaging biomarker for diagnostic and prognostic purposes in clinical practice.
Longitudinal follow-up of the dynamic patterns of Alzheimer's disease biomarkers, such as grey matter loss and in vivo PET imaging of tau, metabolism, and amyloid deposits, can contribute significantly to understand the evolution of earlyonset atypical forms of AD [17] . Atypical forms differ from amnestic Alzheimer disease not only because they first hit different sites of the brain but also because they show different spatial and temporal patterns in the progression of brain damage [18] . Along this line, Vanhoutte et al. [19] suggested that the decline of glucose metabolism in amnestic forms progresses along an anterior-to-posterior axis, whereas in non-amnestic forms, it progresses along a posterior-to-anterior axis. Recently, a 1-year follow-up study of Alzheimer's disease variants combining MRI, tau, and amyloid PET [17] found a similar cortical pattern of Aβ deposition that did not change over time. In contrast, higher tau burdens at baseline in the frontal, parietal, and occipital regions correlated with larger atrophy of these regions a year later. Interestingly, tau accumulation and atrophy presented different regional patterns: while MRI showed that atrophy predominated in the temporoparietal and occipital cortices, pathological tau deposits spread into the frontal lobes, suggesting a temporal disconnection between protein deposition and neurodegeneration.
The results reported in this issue by Sala and collaborators [15] raise the hope to improve our diagnostic performance of atypical Alzheimer's disease variants in individual patients. They must now be confirmed and, given the rarity of atypical Alzheimer's disease patients, call for a collective effort to build a global database and federate studies from different teams. This will boost our understanding of the diversity of the clinical presentations and evolutions of Alzheimer's disease. Combining multiple imaging modalities [20] , such as tau and FDG-PET with fMRI (which can be done simultaneously using PET-MRI), would allow to explore the consequences of pathological deposits on functional networks and better understand the pathological course of Alzheimer's disease. Importantly, the work of Sala et al. emphasizes that, although it is less specific for Alzheimer's disease than "pathophysiological" tracers (i.e., those targeting tau and amyloid), the easily accessible FDG is a powerful and efficient diagnostic tool for the diagnosis of amnestic and atypical Alzheimer's disease, even in prodromal phases. The authors' methodology could also be applied to atypical profiles in older Alzheimer patients, in whom comorbidities greatly affect diagnosis and treatment, in order to disentangle the specific patterns of brain damage due to Alzheimer's disease pathology from those linked to copathologies. In typical late-onset Alzheimer patient, imaging could help to predict the progression from predementia (MCI) to dementia. Ultimately, the methodology used by the authors could be implemented in clinical settings as computer-aided diagnosis.
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